Introduction
Polycyclic aromatic hydrocarbons (PAHs) are a group of organic compounds consisting of two or more fused benzene rings, and nitropolycyclic aromatic hydrocarbons (NPAHs) are their nitrated derivatives. PAHs and NPAHs are ubiquitous environmental pollutants.
Atmospheric PAHs and NPAHs mainly originate from imperfect combustion and pyrolysis of organic matters, although some NPAHs are formed in the atmosphere via reactions of their parent PAHs such as 2-nitropyrene and 2-nitrofluoranthene (Arey et al., 1986; Hayakawa et al., 1995; Rogge et al., 1993) . PAHs and NPAHs exist in both the gas and particle phases in the atmosphere, and their gas/particulate partition depend on factors such as the vapor pressure, temperature and the concentration and properties of dust (Araki et al., 2009; Sitaras et al., 2004; Yamasaki et al., 1982) . In urban areas, PAHs and NPAHs are mainly emitted from automobiles, power plants, domestic heating and industrial processes (Gachanja and Worsfold, 1993; Kavouras et al., 2001; Tang et al., 2005) . Many PAHs and NPAHs have carcinogenic and/or mutagenic properties (Ames et al., 1975; Epstein et al., 1979) .
Benzo [a] pyrene (BaP) and 1-nitropyrene (1-NP) are categorized in groups 1 (carcinogenic to humans) and 2A (probably carcinogenic to humans), respectively (IARC, 2013) . Several PAHs also exhibit estrogenic, antiestrogenic, antiandrogenic activities (Kizu et al., 2000) or reactive oxygen species producing activity (Motoyama et al., 2009 ). In addition, prenatal exposure to PAHs could impact cognitive development and learning ability (Perera et al., 2012) .
In recent years the consumption of petroleum and coal has grown considerably in China, resulting in serious environmental problems. Our previous studies have reported the following results on atmospheric PAHs and NPAHs in three cities in the Northeast China: (1) The mean concentrations of PAHs and NPAHs in particulate matter were in the order Fushun > Tieling > Shenyang, even though greater amounts of petroleum and coal are consumed in Shenyang -4 - (Hattori et al, 2007) . (2) Molecular diagnostic ratios of several PAHs and NPAHs showed that the major contributors of PAHs and NPAHs were coal combustion systems both in summer and winter in Fushun and Tieling and in winter in Shenyang (Hattori et al, 2007) . (3 The major sources of atmospheric PAHs in Beijing have been identified as coal combustion systems in winter, long-range transport in spring and motor vehicles in the other seasons (Feng et al., 2005; Hayakawa et al., 2007; He et al., 2006; Hou et al., 2006; Huang et al., 2006; Jiang et al., 2009; Liu et al., 2007; Wang et al., 2008; Zhang et al., 2009; Zhou et al., 
HPLC systems for determination of PAHs and NPAHs
The nine PAHs were determined by using HPLC with fluorescence detection. The PAH HPLC system consisted of a reversed-phase column (Inertsil ODS-P, 4.6 i.d. x 250 mm, GL Sciences Inc., Tokyo, Japan) with an acetonitrile/water gradient and fluorescence detection.
The flow rate was 1 mL/min. The time program of the fluorescence detector was set to detect at the optimum excitation and emission wavelengths for each PAH. Other conditions were the same as in our previous report (Tang et al., 2005) .
The five NPAHs were determined by using HPLC with chemiluminescence detection. The HPLC system consisted of two reversed-phase columns (Cosmosil 5C18-MS, 4.6 i.d. x (250 + 150) mm, Nacalai Tesque, Tokyo, Japan) connected in series with chemiluminescence detection. The mobile phase was 10 mM imidazole buffer (pH 7.6)-acetonitrile (1:1, v/v), and the chemiluminescence reagent solution was an acetonitrile solution containing 0.02 mM bis(2,4,6-trichlorophenly)oxalate and 15 mM hydrogen peroxide. The flow rate was 1 mL/min for each solution. Other conditions were the same as in our previous report (Hayakawa et al., 1991; Tang et al., 2003) .
Quality control and quality assurance
Quartz fiber filters were used for collecting particulate-bound PAHs and NPAHs. The filters were pre-heated at 600°C for 4 hours before using them to lower their PAH and NPAH blank values. The filters before and after collecting TSP were measured at the same temperature (21.5 ± 1.5˚C) and relative humidity (50 ± 5%) conditions. Field blanks, which accompanied samples to the sampling sites, were used to check for background contamination.
No contamination was found during the transport of blank samples. Table 3 , 2006; Li et al., 2015; Zhou et al., 2005) . Possible causes for the seasonal variation include the large amount of emissions from solid fuel combustion for residential heating in winter (Li et al., 2015; Tang et al., 2005 Tang et al., , 2011 , the formation of a temperature inversion in the boundary layer in winter and photochemical degradation of NPAHs in summer (Fan et al., 1996; Fujitani, 1986) . There is evidence that the air pollutants including PAHs in Beijing in winter were occasionally transported from industrial areas from -9 -Hebei, Inner Mongolia, Shanxi province (Lin, et al., 2015; Liu et al., 2007; Wang et al., 2008) .
Results and discussion

Atmospheric concentrations of PAHs and NPAHs
The average concentrations of the nine PAHs at site 1, an urban site, from Nov. 25 to Dec.
21, 2009 (heating season) and from Aug. 11 to Sep. 1, 2010 (non-heating season) were higher than those at site 2, a suburban site, from Jan. 20 to 31, 2010 (heating season) and from Aug.
2 to 16, 2010 (non-heating season), respectively. However, these differences were not statistically significant (n = 7, p = 0.44 and 0.32 in heating season and non-heating season, respectively). The average concentrations of 1-NP were higher at site 1 but the average concentrations of 9-NA were higher at site 2 in both seasons. In contrast to atmospheric 1-NP, 9-NA not only originated from imperfect combustion of fossil fuels, but is also formed in the atmosphere via reaction of its parent PAH (Amador-Muñoz et al., 2011; Feilberg et al., 2001; Hayakawa et al., 1995; Lin et al., 2015; Zhang et al., 2011) . And, no strong source of air pollutant are close to site 2. Therefore, atmospheric PAHs and NPAHs at site 2 were very likely to come from other areas in both seasons (Liu et al., 2007; Tao et al., 2007; Wang et al., 2008) . (Table 1) . Vehicle exhaust is a -10 -more important source of PAHs in summer in Beijing than other sources, such as coal combustion and biomass combustion (Chen et al., 2015; Feng et al., 2005; Huang et al., 2006; Jiang et al., 2009; Wang et al., 2009; Zhou et al., 2005) . Recent report also showed that the high numbers of motor vehicles caused higher NPAHs concentrations in Beijing (Li, et al., 2015) . However, the numbers of registered cars in Beijing more than doubled between 2005
Yearly variation of PAHs and NPAHs at site 1
and 2010 ( Table 1) Therefore, the high concentrations of PAHs at site 1 during our sampling period in 2009 have been influenced also by surrounding cities and provinces.
Source indicators of PAHs and NPAHs
The diagnostic ratios of several PAHs and NPAHs in the atmosphere have previously et al., 1986; Simcik et al., 1999; Tang et al., 2005) , while combustion of coal, such as in stoves, have large these ratios ( (Feng et al., 2005; Huang et al., 2006; Jiang et al., 2009; Wang et al., 2009; Zhou et al., 2005) .
Fate of atmospheric PAHs and NPAHs
Atmospheric PAHs and NPAHs mainly originate from imperfect combustion and pyrolysis of organic matters (Chen et al., 2005; Hayakawa et al., 1995; Huang et al., 2013; Tang et al., 2005; Zhang et al., 2008) . PAHs and NPAHs exist in both the gas and particle phases in the atmosphere. In general, PAHs having 2 rings exist in the gas phase, PAHs having 5 rings and NPAHs having 4 rings or more exist in the particle phase, and PAHs having 3 and 4 rings and NPAHs having 2 and 3 rings are in both phases (Araki et al., 2009; Tao et al., 2007; Yamasaki et al., 1982) . When PAHs and NPAHs were exhausted to the atmosphere, their fates were influenced by various chemical and physical processes.
Heterogeneous or homogeneous reactions of parent PAHs with nitrogen oxides and hydroxyl radicals decreased the parent PAHs and increased their nitro-, oxy-and hydroxyl derivatives in the atmosphere (Amador-Muñoz et al., 2011; Arey et al., 1986; Feilberg et al., 2001; Kameda et al., 2011; Yang et al., 2011) . Dry and wet deposition processes can effectively remove particulate PAHs and NPAHs from the atmosphere (Bidleman 1988) . In this study, we examined the effects of two physical factors, wind speed (m/s) and relative humidity (%), to evaluate the directly effects to the atmospheric concentrations of PAHs and NPAHs in the different season in Beijing. Strong and negative correlations were found between all PAH and -13 -NPAH levels and wind speed in heating season (n = 34, p < 0.01 for all PAHs and DNPs and p < 0.05 for 1-NP) (Table 6 ). However, the correlation was weak for DNPs, and no correlation was observed in the non-heating season. The negative correlations between PAH and NPAH levels and wind speed may have been due to the high wind speed (Table 2) , which is generally associated with clean air from higher altitudes in the heating season, as discussed in section 3.2. High relative humidity led to decreases in the concentrations of PAHs and NPAHs in the non-heating season, in agreement with other reports (Hong et al., 2007; Park et al., 2002; Zhu et al., 2014) , whereas it led to increases in PAH and NPAH levels, except for 9-NA, in the heating season. The negative correlation between relative humidity and wind speed in the heating season was strong (n = 34, r = -0.6873, p < 0.01), which suggests that low wind speed reduced the diffusion of PAHs and NPAHs originating from domestic sources.
9-NA originates from both direct emissions and heterogeneous reactions in the atmosphere on particulate-bound anthracene and nitrating agents (Amador-Muñoz et al., 2011; Feilberg et al., 2001; Lin, et al., 2015; Zhang et al., 2011) . Therefore, the atmospheric behavior of 9-NA cannot be explained by only physical parameters used in this study.
Conclusions
In this study, the behaviours of atmospheric PAHs and NPAHs were investigated at two Level of significance: *: p < 0.05; **: p < 0.01. n = 34 in heating season and n = 36 in non-heating season.
